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I. INTRODUCTION
Nuclear matter can be defined as a hypothetical system composed of nucleons interacting
without Coulomb forces. A fixed ratio of protons and neutrons can be idealized for studying
the nuclear matter [1–3]. For example, in case of symmetric nuclear matter studies, the ratio
of number of protons and neutrons is taken to be 1 : 1. The study of properties of nuclear
matter as a function of the ratio of number of neutrons to the number of protons (which
leads to isospin asymmetry), density and temperature of the nuclear medium has been a
fundamental problem for theoretical as well as experimental studies [2]. Many problems in
Nuclear Physics such as nucleon-nucleon interactions in dense asymmetrical nuclear matter,
neutron star mass and radius, neutron skin of nuclear matter, stability of asymmetric nuclei
etc., require calculations for isospin asymmetric nuclear matter [1, 2]. The astrophysical
studies in particular have a close relationship with the investigation of isospin asymmetric
nuclear matter properties [3]. The dense nuclear matter under the influence of external
magnetic field of the order of 1018 G, (present in magnetars) can also lead to isospin splitting
between baryons, which will also modify the static properties of baryons in these systems
[4, 5].
The advent of radioactive beam facilities around the world, such as FAIR at GSI Germany
[6], Cooling Storage Ring (CSR) at HIRFL in China [7], Radioactive Ion Beam (RIB) Factory
at RIKEN in Japan [8], SPIRAL2/GANIL in France and Facility for Rare Isotope Beams
(FRIB) in United States, is a step forward for exploring properties of isospin asymmetric
nuclear matter under extreme conditions of large isospin asymmetry. The heavy-ion collision
experiment at RHIC and LHC explore the region of QCD phase diagram at low baryonic
density and high temperature of the medium, whereas CBM experiment of FAIR project [6]
at GSI may explore the region of high baryonic density and moderate temperatures [9].
The thermodynamical properties of asymmetric nuclear matter such as Equation of State
(EoS) and the symmetry energy have been widely studied [10–17] (also see references their
in). Beside the study of thermodynamical properties of asymmetric nuclear matter, the
dependence of structural properties of baryons on isospin asymmetry of the nuclear medium
plays a major role in baryonic studies. Magnetic moments of octet baryons is one of the
major structural property which is directly related to the internal structure of baryons. It
plays a crucial role in understanding of hadronic structure from underlying theory of strong
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interactions, QCD (Quantum Chromo Dynamics) and also in context of phenomenological
models [18]. The study of magnetic moments of octet baryons has a long standing history.
In free space, the magnetic moments of octet baryons have been studied by various authors
using different theoretical models [19–25]. However, the idea of medium dependence of
magnetic moments of baryons has recently gained interest. For example in Ref. [26] the
magnetic moment of proton in 12C seemed to be enhanced by about 25% in nuclear medium
as compared to its value in free space.
In order to study the properties of baryons in dense asymmetric nuclear matter, it is
natural to start with a model which uses quarks as fundamental degrees of freedom [27].
Many models on these lines have been constructed such as quark meson coupling model
[28–31], chiral soliton model [32], cloudy bag model [33], Nambu-Jona-Lasinio (NJL) model
[34], chiral SU(3) quark mean field (CQMF) [37, 38] model etc. Magnetic moments of octet
baryons at finite temperature and density of nuclear medium have been studied using the
quark meson coupling model and the modified quark meson coupling model [4, 39]. In
our recent work [40], we have calculated the magnetic moments of octet baryons at finite
temperature and density of symmetric nuclear matter using chiral SU(3) quark mean field
model. Results obtained were comparable to those available in literature and the magnitudes
of magnetic moments of baryons were found to increase as a function of density in the
symmetric nuclear matter at zero as well as at finite temperatures.
In the present work, we have used chiral SU(3) quark mean field model [37, 38] to study
medium modification of magnetic moments of octet baryons in isospin asymmetric nuclear
matter at finite temperature and different densities of the medium. Mean field approxima-
tion method is known to be thermodynamically consistent because it satisfies the relevant
thermodynamic identities and viral theorem [35] on the one hand whereas, on the other
hand, one can easily determine the model parameters analytically from the specified set of
values of nuclear matter properties at zero temperature [35, 36], making it easy to study
variations of the model and model dependent properties of baryons [2]. Mean field models
enable one to study the properties of baryons in terms of quark and gluon degrees of freedom
[37, 38, 43], which are of central importance in recent studies and in the present work as
well.
Since the isovector channel is very important for the study of asymmetric nuclear matter,
we have included the contribution from the scalar isovector δ meson field in chiral SU(3)
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quark mean field model. The properties like isospin diffusion in heavy ion collisions [41] and
size of neutron skins in finite nuclei [42] are also influenced by the isovector part of nuclear
medium. In the mean field studies, the inclusion of scalar isovector δ meson field and its
influence on low density asymmetric matter was studied [46–48]. The δ meson is found
to play an important role in strongly asymmetric nuclear matter at higher densities. In
Relativistic Mean field (RMF) theory, the inclusion of δ field is found to alter the threshold
characteristics of mixed phase [49], leading to non-negligible changes in the quark first order
transitions [50]. It will be interesting to observe the behavior of δ field in chiral SU(3) quark
mean field model [43].
In our scheme of study, we will calculate octet baryon masses and magnetic moments
using the medium modified values of masses of constituent quarks in the asymmetric nuclear
matter at finite temperature and density. We will also include the contribution to the total
effective magnetic moment of baryons from sea quarks and orbital angular momentum of sea
quarks along with the contribution from valence quarks, which have been successfully used
to calculate octet baryon magnetic moments in free space [44, 45] as well as in symmetric
nuclear matter [40].
The outline of the paper is as follows : In section IIA we will apply CQMF model along
with the contribution from δ meson field to find the effective quark masses at finite tempera-
ture and density of asymmetric nuclear medium, and hence, calculate effective baryon octet
masses. We will discuss the effect of valence quark polarization, quark sea polarization and
quark sea orbital angular momentum on the magnetic moments of baryons in section IIB.
Section III is devoted to numerical calculations and results. Section IV includes the summary
of present work.
II. MODEL
A. CQMF for asymmetric nuclear matter
We consider the chiral SU(3) quark mean field model to study isospin asymmetric nu-
clear matter which uses the quarks and mesons as basic degrees of freedom. The quarks
are assumed to be confined in the baryons by an effective potential. Quark meson inter-
actions as well as meson self interactions are based on the chiral SU(3) symmetry. The
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constituent quarks and mesons (except pseudoscalar mesons) obtain their masses through
the phenomenon of spontaneous symmetry breaking. The pseudoscalar mesons get their
masses through the introduction of an explicit symmetry breaking term in meson self inter-
action which satisfies partially conserved axial-vector current relations [37, 40].
To study the structure of baryons in chiral limit and to explore it in quark degrees of
freedom, the quarks are divided into two parts, left-handed quarks ‘qL’ and right-handed
quarks ‘qR’ : q = qL + qR. They transform under global SU(3)L × SU(3)R transformations
‘L’ and ‘R’ as
qL → q′L = L qL, qR → q′R = RqR, (1)
where ‘L’ and ‘R’ are given as
L(αL) = exp
[
i
∑
αaLλLa
]
, R(αR) = exp
[
i
∑
αbRλRb
]
, (2)
αL and αR represent space-time independent parameters and λL and λR are Gell-Mann
matrices and are written as
λL = λ
(1− γ5)
2
, λR = λ
(1 + γ5)
2
. (3)
The nonents of spin-0 scalar (Σ) and pseudoscalar (Π) mesons can be written in compact
form by using Gell-Mann matrices as
M(M †) = Σ± iΠ = 1√
2
8∑
a=0
(sa ± ipa)λa, (4)
where λa (a = 1, ......, 8) are the Gell-Mann matrices with λ0 =
√
2
3
I, sa and pa are the
nonets of scalar and pseudoscalar mesons, respectively. The plus and minus signs stand for
M and M † respectively. M and M † transform under chiral SU(3) transformation as
M → M ′ = LMR†, (5)
M † →M †′ = RM †L†. (6)
In the similar way, spin-1 mesons are defined by
lµ(rµ) =
1
2
(Vµ ± Aµ) = 1
2
√
2
8∑
a=0
(
vaµ ± aaµ
)
λa, (7)
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where vaµ and a
a
µ are nonets of vector and pseudovector mesons respectively. The alternative
plus and minus signs are for lµ and rµ which transform under chiral SU(3) transformation
as
lµ → l′µ = LlµL†, (8)
rµ → r′µ = RrµR†. (9)
The physical states for scalar and vector mesons are explicitly represented as
Σ =
1√
2
8∑
a=0
sa λa =


1√
2
(σ + δ0) δ+ κ∗+
δ− 1√
2
(σ − δ0) κ∗0
κ∗− κ¯∗0 ζ

 , (10)
and
Vµ =
1√
2
8∑
a=0
vaµ λa =


1√
2
(
ωµ + ρ
0
µ
)
ρ+µ K
∗+
µ
ρ−µ
1√
2
(
ωµ − ρ0µ
)
K∗0µ
K∗−µ K¯
∗0
µ φµ

 . (11)
In the similar manner, we can write pseudoscalar nonet (Π) and pseudovector nonet (Aµ).
The total effective Lagrangian density in chiral SU(3) quark mean field model is written as
Leff = Lq0 + Lqm + LΣΣ + LV V + LχSB + L∆m + Lc, (12)
where Lq0 = q¯ iγµ∂µ q represents the free part of massless quarks, Lqm is the chiral SU(3)-
invariant quark-meson interaction term and is written as [37, 38, 40]
Lqm = gs
(
Ψ¯LMΨR + Ψ¯RM
†ΨL
)− gv (Ψ¯LγµlµΨL + Ψ¯RγµrµΨR)
=
gs√
2
Ψ¯
(
8∑
a=0
saλa + iγ
5
8∑
a=0
paλa
)
Ψ− gv
2
√
2
Ψ¯
(
γµ
8∑
a=0
vaµλa − γµγ5
8∑
a=0
aaµλa
)
Ψ, (13)
where Ψ =


u
d
s

. The various coupling constants used in the present work are
gs√
2
=guδ = −gdδ = guσ = gdσ =
1√
2
gsζ , g
s
δ = g
s
σ = g
u
ζ = g
d
ζ = 0 , (14)
gv
2
√
2
= guρ = −gdρ = guω = gdω, gsω = gsρ = 0. (15)
These parameters are calculated by fitting energy of nuclear matter at saturation density
(ρ0 = 0.16 fm
−3). The chiral-invariant scalar and vector meson self interaction terms LΣΣ
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and LV V , within mean field approximation [37] and including scalar isovector meson δ are
written as
LΣΣ =− 1
2
k0χ
2
(
σ2 + ζ2 + δ2
)
+ k1
(
σ2 + ζ2 + δ2
)2
+ k2
(
σ4
2
+
δ4
2
+ 3σ2δ2 + ζ4
)
+ k3χ
(
σ2 − δ2) ζ − k4χ4 − 1
4
χ4ln
χ4
χ40
+
ξ
3
χ4ln
((
(σ2 − δ2) ζ
σ20ζ0
)(
χ3
χ30
))
, (16)
and
LV V = 1
2
χ2
χ20
(
m2ωω
2 +m2ρρ
2
)
+ g4
(
ω4 + 6ω2ρ2 + ρ4
)
, (17)
respectively. The parameter ξ originates from logarithmic term used in scalar meson self
interaction Lagrangian density and can be obtained using QCD β-function at one loop level
for three colors and three flavors [58]. The constants k0, k1, k2, k3 and k4 appearing in eq. (16)
are respectively determined using π meson mass (mpi), K meson mass (mK) and the average
mass of η and η
′
mesons.
The vacuum expectation values of scalar meson fields σ and ζ , i.e., σ0 and ζ0 are con-
strained because of spontaneous breaking of chiral symmetry and are represented as
σ0 = −fpi and ζ0 = 1√
2
(fpi − 2fK) , (18)
where fpi and fK are pion and kaon leptonic decay constants, respectively. In our calculations
we have chosen fpi = 92.8 MeV and fK = 115 MeV with the corresponding values of σ0 and
ζ0 being −93.49 MeV and −97.98 MeV respectively. The vacuum value of dilaton field
χ0 = 254.6 MeV and the coupling constant g4 = 37.4, are chosen so as to fit reasonable
effective nucleon mass.
The Lagrangian density LχSB in eq. (12) is the explicit symmetry breaking term, which
is introduced to incorporate non-vanishing pesudoscalar meson masses and it satisfies the
partial conserved axial-vector current relations for π and K mesons [37]. It is expressed as
LχSB = χ
2
χ20
[
m2pifpiσ +
(√
2m2KfK −
m2pi√
2
fpi
)
ζ
]
. (19)
Vacuum masses of ‘u’, ‘d’ and ‘s’ quarks are generated by the vacuum expectation values
of σ and ζ mesons scalar fields. In order to find constituent strange quark mass correctly,
an additional mass term ∆m, which explicitly breaks the chiral symmetry, is included in
eq. (12) through Lagrangian density [37, 40]
L∆m = −(∆m)ψ¯S1ψ, (20)
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where the strange quark matrix operator S1 is defined as
S1 =
1
3
(
I − λ8
√
3
)
= diag(0, 0, 1). (21)
Thus, the relations for vacuum masses of quarks are
mu = md = −gqσσ0 = −
gs√
2
σ0, and ms = −gsζζ0 +∆m. (22)
The values of coupling constant gs and additional mass term ∆m in eq. (22) can be calculated
by taking mu = md = 313 MeV and ms = 489 MeV as the vacuum masses of quarks. The
constituent quarks of baryons are confined in baryons by confining scalar-vector potential
χc. The corresponding Lagrangian density is written as
Lc = −ψ¯χcψ, (23)
where the scalar-vector potential χc is given by [37]
χc(r) =
1
4
kc r
2(1 + γ0) . (24)
The coupling constant kc is taken to be 100MeV.fm
−2.
In order to investigate the properties of asymmetric nuclear matter at finite temperature
and density, we will use mean field approximation [37]. The Dirac equation, under the
influence of meson mean field, for the quark field Ψqi is given as[
−i~α · ~∇ + χc(r) + βm∗q
]
Ψqi = e
∗
qΨqi, (25)
where the subscripts q and i denote the quark q (q = u, d, s) in a baryon of type i (i =
N,Λ,Σ,Ξ) and ~α , β are usual Dirac matrices. The effective quark mass m∗q is defined as
m∗q = −gqσσ − gqζζ − gqδδ +mq0, (26)
where mq0 is zero for non-strange ‘u’ and ‘d’ quarks, whereas for strange ‘s’ quark mq0 =
∆m = 29 MeV. Effective energy of particular quark under the influence of meson field is
given as, e∗q = eq − gqωω − gqρρ [37]. For the confining potential defined by eq. (24), the
analytical expression for effective energy of quark e∗q will be
e∗q = m
∗
q +
3
√
kc√
2(e∗q +m∗q)
. (27)
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The effective mass of baryons can be calculated using effective quark masses m∗q, using the
relation
M∗i =
√
E∗2i − < p∗2i cm > , (28)
where
E∗i =
∑
q
nqie
∗
q + Ei spin, (29)
is the effective energy of ith baryon in the nuclear medium. Further, Ei spin is the correction
to baryon energy due to spin-spin interaction of constituent quarks and takes the following
values for different octet baryon multiplets
EN spin = −482 MeV , EΛspin = −756.9 MeV , EΣ spin = −531 MeV , EΞspin = −705 MeV .
These values are determined to fit the respective vacuum values of baryon masses. In eq. (28),
< p∗2i cm > is the spurious center of mass motion [80, 81]. To study the equations of motion
for mesons at finite temperature and density, we consider the thermodynamic potential as
Ω = −gNkBT
(2π)3
∑
N=p ,n
∫ ∞
0
d3k
{
ln
(
1 + e−[E
∗(k)−νB ]/kBT ) + ln (1 + e−[E∗(k)+νB ]/kBT )}− LM ,
(30)
where
LM = LΣΣ + LV V + LχSB . (31)
In eq. (30), gN = 2 is degeneracy of nucleons and E
∗(k) =
√
M∗2i + k2. We can relate the
quantity νB to the baryon chemical potential µB as [37]
νB = µB − gqωω − gqρρ, (q = u, d, s). (32)
The equations of motion for scalar fields σ, ζ , the dilaton field, χ, scalar iso-vector field,
δ, and, the vector fields ω and ρ are calculated from thermodynamical potential and are
written as
k0χ
2σ − 4k1
(
σ2 + ζ2 + δ2
)
σ − 2k2
(
σ3 + 3σδ2
) − 2k3χσζ − ξ
3
χ4
(
2σ
σ2 − δ2
)
+
χ2
χ20
m2pifpi −
(
χ
χ0
)2
mωω
2∂mω
∂σ
−
(
χ
χ0
)2
mρρ
2∂mρ
∂σ
+
∑
N=p,n
∂M∗N
∂σ
ρsN = 0, (33)
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k0χ
2ζ − 4k1
(
σ2 + ζ2 + δ2
)
ζ − 4k2ζ3 − k3χσ2 − ξχ
4
3ζ
+
χ2
χ20
(√
2m2KfK −
1√
2
m2pifpi
)
= 0, (34)
k0χ
(
σ2 + ζ2 + δ2
)− k3 (σ2 − δ2) ζ + 2χ
χ20
[
m2pifpiσ +
(√
2m2KfK −
1√
2
m2pifpi
)
ζ
]
− χ
χ20
(
m2ωω
2 +m2ρρ
2
)
+
(
4k4 + 1 + ln
χ4
χ40
− 4ξ
3
ln
((
(σ2 − δ2) ζ
σ20ζ0
)))
χ3 = 0, (35)
k0χ
2δ − 4k1
(
σ2 + ζ2 + δ2
)
δ − 2k2
(
δ3 + 3σ2δ
)
+ 2k3χδζ − ξ
3
χ4
(
2δ
σ2 − δ2
)
+
∑
N=p,n
gδNρ
s
N = 0, (36)
(
χ2
χ20
)
m2ωω + 4g4ω
3 + 12g4ωρ
2 −
∑
N=p,n
gωNρN = 0, (37)
and (
χ2
χ20
)
m2ρρ+ 4g4ρ
3 + 12g4ω
2ρ+
∑
N=p,n
gρNρN = 0, (38)
respectively. In eqs. (36) to (38), gδN is nucleon-delta meson coupling constant and gωN ,
gρN are nucleon-vector meson coupling constants generated from quark- meson interaction
terms in eq. (13). These coupling constants satisfy the SU(3) relationships : gδn = −gδp and
gρp = −gρn = 13gωp = 13gωp. In eq. (33), ρsi is the scalar density of nucleons and is given by
ρsN =
gN
2π2
∫ ∞
0
dk
k2M∗N√
M∗2N + k
2
[nn(k) + n¯n(k) + np(k) + n¯p(k)] . (39)
The vector density ρN in eqs. (37) and (38) is given as
ρN =
gN
2π2
∫ ∞
0
dkk2 [nn(k)− n¯n(k) + np(k)− n¯p(k)] , (40)
where, nn(k) and np(k) are the neutron and proton distributions. The anti-neutron and
anti-proton distributions n¯n(k) and n¯p(k), are respectively defined as
nN (k) = {exp [(E∗(k)− νB) /kBT ] + 1}−1, (41)
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and
n¯N (k) = {exp [(E∗(k) + νB) /kBT ] + 1}−1, (N = n, p). (42)
In order to study asymmetric nuclear matter at different values of baryonic density of the
medium, we introduce the asymmetry parameter I given as : I = ρn−ρp
2ρB
, where ρn and ρp
are number densities of neutrons and protons, respectively, and ρB is total number density
of nuclear medium.
B. Magnetic Moment of Baryons
In this section we will calculate medium modified magnetic moments of octet baryons
in asymmetric nuclear matter using the idea of chiral quark model initiated by Weinberg
[63] and developed by Manohar and Georgi [64]. Although, the magnetic moments can be
calculated using hadronic electromagnetic current making use of the wave function of chiral
SU(3) quark mean field model as is done in quark meson coupling model calculations in
[61, 62] using the approach in similar lines to [51], but using this type of approach one
can only calculate medium modification of valence quarks. However, in order to include
contributions to magnetic moments of baryons from sea quark effect and that from the
orbital angular momentum of sea quarks the approach of chiral quark model is best suited.
This approach has already been successful for the calculation of medium modified mag-
netic moments of baryons in symmetric nuclear matter [40], where the effects of sea quark
polarization as well as orbital angular momentum of sea quarks along with the contribu-
tion from valence quarks [53, 54] were included. As already discussed in [40] the massless
quarks acquire mass through spontaneous breaking of chiral symmetry in chiral quark model
through the emission of massless Goldstone boson (GB) identified as (π,K, η) mesons. For
calculations within the QCD confinement scale and taking the chiral symmetry breaking
into account, one should consider the constituent quarks, GBs and the weakly interacting
gluons as the appropriate degrees of freedom [87]. The effective Lagrangian in this region is
given as
Linteraction = ψ¯
(
i /D + /V
)
ψ + igAψ¯ /Aγ
5ψ + · · · , (43)
where gA is axial vector coupling constant. In the low energy regime gluonic degrees can
be neglected. Hence, the effective interaction Lagrangian in eq. (43), by taking GBs and
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quarks in leading order can be written as
Linteraction = −gA
fpi
ψ¯∂µΦ
′
γµγ5ψ , (44)
where Φ
′
represents the octet of GBs given as
Φ
′
=


pio√
2
+̟ η√
6
π+ εK+
π− − pio√
2
+̟ η√
6
εKo
εK− εK¯o −̟ 2η√
6

 .
(45)
In above, ε and ̟ are the SU(3) symmetry breaking parameters. The SU(3) symmetry
breaking is introduced by considering ms > mu,d, as well as by considering the masses of
GBs to be nondegenerate (mK,η > mpi) [45, 56, 60, 66]. Physically, ε
2a and ̟2a respectively
denote the probabilities of transitions u(d)→ s +K− and u(d, s)→ u(d, s) + η. Using the
Dirac’s equation, i.e., (iγµ∂µ −mq)q = 0, the quark-GB interaction Lagrangian in eq. (44)
can be further reduced as [87]
Linteraction = i
∑
q=u,d,s
g8q¯Φ
′
γ5q , (46)
where g8 is the coupling constant between octet GBs and quark mass parameter. Supressing
all the space-time structure to lowest order the effective Lagrangian can be expressed as
Linteraction = g8q¯Φ′q . (47)
Further, it is worth noting that the invariance of QCD Lagrangian under axial U(1) symme-
try leads to generation of ninth GB realized as η
′
. This leads to interaction of quarks with a
nonet of GB in place of octet of GBs. Thus, interaction Lagrangian can be further written
as
Linteraction = g8q¯Φ′q + g1q¯ η
′
√
3
q = g8q¯Φq, (48)
where g1 is the coupling constant for the singlet and quarks. Further, in eq. (48)
q =


u
d
s

 , (49)
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and
Φ =


pio√
2
+̟ η√
6
+ τ η
′
√
3
π+ εK+
π− − pio√
2
+̟ η√
6
+ τ η
′
√
3
εKo
εK− εK¯o −̟ 2η√
6
+ τ η
′
√
3

 .
(50)
The parameter τ = g1/g8. Physically τ
2a denote the probability of transition u(d, s) →
u(d, s) + η
′
. In accordance with NMC (New Muon Collaboration) calculations [84] we have
used
τ = −0.7− ̟
2
. (51)
The fluctuation process for describing describing interaction Lagrangian is
q± → GB+ q′∓ → (qq¯
′
) + q
′
∓ . (52)
Thus the GB further splits into qq¯
′
and qq¯
′
+ q
′
∓ constitute the ‘sea quark’ [45, 56, 60, 66].
The interaction of pion and baryons at one pion loop level can be represented in terms of
symmetry breaking parameters ε and ̟ [88] using the relations for octet isospin multiplets
as
̟N = 1, ̟Λ =
4ε2
3
, ̟Σ = 4(1− ε)2, ̟Ξ = (1− 2ε)2. (53)
In isospin asymmetric matter the parameter ε can be defined in terms of effective masses of
quarks and baryon (defined in eqs. (26) and (28)) using the relations in Ref. [85] as
ε =
M∗p −M∗n
m∗u −m∗d
, (54)
whereas in isospin symmetric limit (m∗u = m
∗
d) the above definition of ε turns to be
ε =
M∗Σ −M∗Ξ(
m∗u+m
∗
d
−2m∗s
2
) . (55)
The total effective magnetic moment of baryons can be written as
µ (B)total = µ (B)val + µ (B)sea + µ (B)orbital , (56)
where µ (B)val, µ (B)sea and µ (B)orbital represent the contribution from valence quarks, sea
quarks and orbital angular momentum of sea quarks, respectively. For details the reader
13
may refer to [40, 44, 45, 56]. For medium modification of these effects, the calculations are
explicitly done in [40].
The values of effective magnetic moment of constituent quark (µq) can be calculated
following the naive quark model formula given as µq =
eq
2mq
, where mq and eq are mass
and electric charge of quark, respectively. This formula lacks consistency for calculation
of magnetic moments of relativistically confined quarks [89] and the non-relativistic quark
momenta are required to be very small (p2q << (350MeV)
2) for quark masses in the range
of 313 MeV and more. Therefore, in order to include quark confinement effect on magnetic
moments [89, 90] along with relativistic correction to quark magnetic moments (introduced
in quarks by using medium modified quark masses obtained in chiral SU(3) quark mean field
model, which considers quarks as Dirac particles), the mass term in the formula for quark
magnetic moment is replaced by the expectation value of effective quark mass m¯q, which can
be further expressed in terms of effective baryon mass M∗B (B = p, n,Σ
+,Σ0,Σ−,Ξ0,Ξ−,Λ)
following the formula
2m¯q = M
∗
B +mq,
mq(≈ 0) is the current quark mass. To include quark confinement effect, M∗B is replaced by
M∗B +∆M . ∆M being the difference between experimental vacuum mass of baryon (Mvac)
and the effective mass of baryon M∗B ,(∆M = Mvac −M∗B) [89]. The mass difference ∆M
represents the indivisible and irreducible part to confining energy [78].
Following the above formalism, the equations to calculate the effective magnetic moments
‘µq’ of constituent quarks are now given as
µd = −
(
1− ∆M
M∗B
)
, µs = −mu
ms
(
1− ∆M
M∗B
)
, µu = −2µd. (57)
These are referred to as the mass adjusted magnetic moments of constituent quarks [87].
M∗B is obtained in equation (28). The choice of these definitions of quark magnetic moments
make it possible to study their medium modification directly from the in-medium masses
not only for the constituent quarks masses but also for the in-medium baryon masses.
The orbital angular momentum contribution is calculated using the parameters ε,̟ and
τ along with masses of GBs using the details in Ref. [40]. The GBs contributions are
dominated by pion contribution as compared to contributions from other GBs. The medium
modification of parameter ε given by eqs. (54) and (55) lead to medium modification of sea
quark polarizations and orbital angular moments.
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gδp gωp gρp mpi (MeV) mK (MeV)
2.5 11.59 3.86 139 494
k0 k1 k2 k3 k4
4.94 2.12 -10.16 -5.38 -0.06
σ0 (MeV) ζ0 (MeV) χ0 (MeV) ξ ρ0 (fm
−3)
-92.8 -96.5 254.6 6/33 0.16
guσ = g
d
σ g
s
σ g
u
ζ = g
d
ζ g
s
ζ g4
3.37 0 0 4.77 37.4
TABLE I: Values of various parameters used in the present work [37].
III. NUMERICAL RESULTS
In this section we present the results of our investigation on magnetic moment of baryons
at finite density and temperature of the asymmetric nuclear medium. Various parameters
used in the present work are listed in table I. From eq. (57) it is clear that the value of
magnetic moment of constituent quarks depends on the effective masses of the quarks and
baryons, which in-turn depends on the scalar fields σ and ζ and the scalar isovector field δ
through eq. (26). In order to study the dependence of the density of medium at different
values of temperature ‘T’ and isospin asymmetry parameter ‘I’ on the scalar fields σ and ζ
and the scalar isovector field δ along with other meson fields, in figs. 1(a)-(f), we plot the
fields σ, ζ, δ, χ, ω and ρ as a function of nuclear matter density ρB (in the units of nuclear
saturation density ρ0), at temperatures T = 0 and 100 MeV and asymmetry parameters
I = 0, 0.3 and 0.5.
We observe that for a given value of asymmetry parameter and temperature, the magni-
tude of scalar σ field decreases sharply with the rise of nuclear matter density from ρB = 0
to 2ρ0 as compared to magnitude of ζ field. This is due to strong correlation between the
nucleons and the σ field, whereas, the absence of coupling between ζ field and non-strange
quark content of the medium leads to slow decrease in its magnitude as a function of density.
For densities more than 2ρ0, the decrease in magnitude of scalar fields as a function of ρB is
slow. For example, at T = 0 MeV and I = 0, 0.3 and 0.5, the magnitude of σ field decreases
by 73%, 66% and 62% from its vacuum value, respectively, as ρB increases from ρB = 0
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FIG. 1: σ, ζ, ω, χ, δ and ρ fields (at T = 0 and 100 MeV and asymmetry parameters I = 0, 0.3
and 0.5) versus baryonic density (in units of nuclear saturation density ρ0).
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FIG. 2: Effective masses of quarks (at T = 0 MeV (in left panel) and T = 100 MeV (in right
panel) and asymmetry parameters I = 0, 0.3 and 0.5) versus baryonic density (in units of nuclear
saturation density ρ0).
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to 2ρ0, whereas, there is a decrease of only about 17% at I = 0 and I = 0.3 and about
16% at I = 0.5, in magnitude of ζ field. This also shows that for given temperature and
density of medium, magnitude of σ field increases with increase of isospin asymmetry of
medium. However, ζ field is negligibly affected by isospin asymmetry of medium. For given
isospin asymmetry and density of the medium, the magnitude of scalar fields σ and ζ are
observed to increase with increase of temperature. For example, for ρB = ρ0 and I = 0.3,
the magnitude of σ field are 48.04 MeV and 54.8 MeV, at T = 0 and 100 MeV, respectively.
Further, for given density of the medium, at finite temperature, σ field increases less with
increase of asymmetry parameter I as compared to T = 0 MeV case. This is because with
the rise of temperature the thermal distribution function given in eqs. (41) and (42) start
decreasing, which lead to soft equation of state at finite temperatures than at zero temper-
ature. Due to this the coupling strength between σ field and nucleons decrease with the rise
of temperature.
The scalar isovector δ field plotted in fig. 1(c) contributes in isospin asymmetric medium
only. In symmetric nuclear matter (I = 0), δ field remains 0 MeV even with the increase of
density and temperature of the medium. For given temperature and isospin asymmetry of
the medium, the magnitude of δ field starts increasing with the rise of density from ρB = 0
to 2ρ0 and then it decreases to certain value, upto 6ρ0. For example, at T = 0 MeV and
I = 0.3, magnitude of δ field increases upto 4.054 MeV at ρB = 1.5ρ0 and then it decreases
to 2.38 MeV at ρB = 6ρ0. Similarly, at I = 0.5, δ field acquires its highest magnitude 8.82
MeV at ρB = 1.8ρ0 and its magnitude decreases to 6.6 MeV at ρB = 6ρ0.
At T = 100 MeV, the δ field shows a similar variation as a function of density as that at
T = 0 MeV. However, magnitude of δ field has its maximum value at higher value of density
of medium as compared to the case of T = 0 MeV. For example, at I = 0.3, δ field acquires
its maximum magnitude 2.946 MeV at ρB = 3ρ0 and then its magnitude decreases to 2.466
MeV at 6ρ0. Further, at I = 0.5, magnitude of δ field increases to 5.013 MeV at ρB = 3ρ0
and then it decreases to 4.608 MeV at 6ρ0. Thus, δ field varies more as a function of density
at T = 0 MeV than that at T = 100 MeV for given finite value of asymmetry parameter.
The dilaton field χ plotted in fig. 1(d) is introduced in the model to mimic trace anomly in
QCD at tree level [37]. One can see that at zero as well as finite temperature, the magnitude
of χ field first decreases upto certain value of density of medium and then it increases with
rise of density. We see that χ field has least variation as a function of density as compared
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to other meson fields. Due to this reason in most of mean field studies frozen glueball limit
is assumed, i.e., χ field is taken to be constant.
We observe that isoscalar vector field ω plotted in fig. 1(e) increases almost linearly with
the rise of density at zero as well as finite temperature. The variation of ω field as a function
of density is negligibly effected by the increase of isospin asymmetry upto 3ρ0, at zero as
well as finite temperature. In fig. 1(f), we have shown the variation of vector isovector ρ
field. This field plays important role in the study of asymmetric nuclear matter because it
provides repulsive potential between the nucleons in the isovector channel, opposite to that
provided by the δ meson field. For given density of the medium, the ρ field does not vary
significantly as a function of temperature. However, for given temperature and finite isospin
asymmetry of the medium, the ρ field decreases as a function of density, at zero as well as
finite temperature.
Using the above calculated values of scalar fields σ, ζ and scalar isovector δ field, the
in-medium quark masses, m∗q , can be evaluated using eq. (26). In fig. 2, we plot the medium
modified quark masses m∗q (q = u, d, s) as a function of nuclear matter density, at tempera-
ture T = 0 and 100 MeV and asymmetry parameters I = 0, 0.3 and 0.5. In case of symmetric
as well as asymmetric nuclear matter, there is steep decrease in m∗q at lower values of density
upto 2ρ0. However, at given value of temperature and asymmetry parameter, the decrease
in m∗q is quite less at more higher densities. The probable cause behind this behavior can be
the chiral symmetry restoration at higher densities, which has been reported in literature,
by using chiral hadronic model, in the quark degrees of freedom [57].
For given density and temperature of the nuclear medium, the finite isospin asymmetry
causes the splitting of m∗u and m
∗
d. For example, at ρB = ρ0 and T = 0 MeV, as I increases
from 0 to 0.3, m∗u increases by 15.1 MeV and m
∗
d decreases by 10.7 MeV as observed in
fig. 2(a) and fig. 2(c). Further, comparing the effective masses at T = 0 and 100 MeV, we
find that at finite temperature the effect of isospin asymmetry on effective quark masses is
reduced.
The effective mass of strange quark m∗s, decreases less rapidly as a function of density, as
compared to m∗u and m
∗
d, at given value of temperature and isospin asymmetry parameter.
Further, the effect of asymmetry parameter on the variation of m∗s as a function of density
is very small at zero as well as finite temperature. For example, in symmetric matter, at
temperature T = 0 and 100 MeV, as the density of medium increases from ρB = 0 to ρ0,
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m∗s decreases from its vacuum value by about 14% and 11%, respectively. The reason for
this behavior of m∗s at finite baryonic density is its dependence on scalar ζ field, and, the
absence of coupling between s-quark and scalar isovector δ field. The effect of temperature
on effective quark masses has been studied in detail in Ref. [40]. In the present work, we
emphasize on effect of isospin asymmetry of medium. We see that the variation of m∗s as a
function of density remains almost un-effected upto ρ0. We also observe that in symmetric
as well as asymmetric medium, m∗s decreases with rise of density upto 4ρ0, at zero as well as
at finite temperature. However, on further increase of density above 4ρ0, at the same given
value of temperature and asymmetry parameter, m∗s starts increasing. This variation can
be understood from the dependence of m∗s on value of ζ field whose magnitude is found to
increase at densities more than 4ρ0 as depicted by fig. 1(b). Probable cause of this behavior
can be deconfinement phase transition at higher density of the medium [68].
Now we discuss the medium modification of octet baryon masses calculated using
eq. (28). In figs. 3 and 4, we plot the medium modified octet baryon masses, M∗j
(j = n, p,Ξ−,Ξ0,Σ+,Σ−,Σ0,Λ), as a function of density at temperatures, T = 0 and 100
MeV and asymmetry parameters I = 0, 0.3 and 0.5.
In case of nucleons having non-strange quark content only plotted in fig. 3(a) and fig. 3(b),
a steep decrease in the effective masses of nucleons with the rise of density at given temper-
ature and isospin asymmetry parameter is observed. This behavior has been reported also
in the Non-linear Walecka model [69] with δ meson and density dependent relativistic mean
field model at hadron level in [70] which is in contrast to a very small decrease reported in
a quark meson coupling model calculation [71]. For given density and temperature of the
nuclear medium, the finite isospin asymmetry of the medium causes the mass splitting in
baryon isospin multiplets. In case of nucleon doublet, the mass of proton is observed to
increase more as a function of isospin asymmetry as compared to mass of neutron (compar-
ing fig. 3(a) and fig. 3(b)). For example, in symmetric nuclear matter (I = 0), the mass of
proton and neutron at ρB = 3ρ0 and T = 0 MeV is observed to be 356.7 MeV, whereas,
at same temperature and density of the medium, with the increase of isospin asymmetry
to I = 0.5 the effective masses of proton and neutron are found to be 418 and 382 MeV,
respectively. The similar behavior has been reported in [55] by using relativistic mean field
model at hadronic level. This behavior of effective nucleon masses can be understood in
terms of behavior of their constituent quark masses. As discussed earlier, for given den-
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sity and temperature of the medium, m∗u increases with the increase of isospin asymmetry
parameter, whereas, m∗d decreases. In the case of proton, the effect of increasing m
∗
u with
the increase of isospin asymmetry parameter is more dominating and in the case of neutron
the effect of the increase of effective mass of u quark is less compensated by decrease in
mass of two d quarks. Hence, effective mass of neutron increases less with the increase of
asymmetry parameter. In the present work, the observed mass splitting between m∗u and m
∗
d
arises due to introduction of scalar isovector δ field in eq. (26). Similar effect of inclusion of δ
meson field on the mass splitting between proton and neutron has been observed in Walecka
type models [46, 48] and density dependent relativistic hadron model [70]. The observed
mass splitting is however in opposite sense to that observed in the models solved at Hartee
Fock level with ρ field but without the contribution from δ meson field [70, 73–75]. This
shows that inclusion of δ coupling leads to large attractive potential [76] than the repulsive
potential provided by vector isovector ρ field.
On comparing values of M∗p at T = 0 MeV and at 100 MeV, we find that there is
more increase of M∗p with the increase of asymmetry parameter at zero temperature as
compared to that at T = 100 MeV. In the case of neutron for given temperature and density
of medium, with the increase of asymmetry parameter upto I = 0.3, the effective mass
increases negligibly with the increase of asymmetry of the medium, specially upto ρ0. On
further increase in asymmetry parameter to I = 0.5, the effective mass of neutron increases
more for the densities higher than ρ0. This shows that in pure neutron matter, isospin
asymmetry of the medium starts effecting M∗n above the saturation density. The cause
behind this behavior can be the more compressible nature of pure neutron matter [72] above
saturation density. Further, at T = 100 MeV in symmetric medium, there is less decrease
in the effective mass of neutron as a function of density as compared to that at T = 0 MeV.
As compared to non strange baryons, the in-medium masses of strange baryons decrease
less rapidly as a function of density of medium, at given temperature in symmetric medium
as well as in asymmetric nuclear medium. Further, strange baryons with more number of u
quarks shows increase in effective mass with increase of isospin asymmetry and baryons with
large d quark content show decrease in effective mass with isospin asymmetry. In figs. 4(a)
and (b), we have plotted effective masses of Σ+ and Σ− baryons. In case of Σ− one finds
that, for given density and temperature of medium, with the rise of asymmetry of medium,
M∗Σ− decreases. For example, at T = 0 MeV and ρB = ρ0, M
∗
Σ− has values 904.6, 888.9 and
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875.6 MeV at I = 0, 0.3 and 0.5, respectively. However, for T = 100 MeV case, the values of
M∗Σ− at I = 0, 0.3 and 0.5 are 947.5, 939 and 933 MeV, respectively. On the other hand,M
∗
Σ+
increases with the rise of isospin asymmetry parameter, at given temperature and density
of medium. Further, one finds that the values of M∗Σ− and M
∗
Σ+ increase with the rise of
temperature of medium, in symmetric as well as isospin asymmetric nuclear medium.
In case of Σ0 and Λ (plotted in figs. 4(c) and (d)) having different vacuum masses but
same quark content, i.e., uds, it is observed that their effective masses show similar variation
with the rise of density, at given temperature and asymmetry parameter. This is because in
the present work the vacuum mass difference between Σ0 and Λ occurs due to the difference
of spin energy Espin for the two baryons which is taken to be constant. In case of Σ
0 as well
as Λ baryon, at T = 0 as well 100 MeV, effective mass decreases with the rise of density
in symmetric as well as asymmetric matter. Further, at higher value of isospin asymmetry
of the medium, the baryons show less decrease in their effective masses as a function of
baryonic density.
In figs. 3(c) and (d), we have plotted effective masses of Ξ− and Ξ0 baryons. Due to
presence of two s quarks and one non strange quark (u or d) in Ξ baryons, the decrease in
the effective masses as a function of density is least as compared to other baryons. Further,
with the rise of asymmetry parameter, at given density and temperature of medium, the
effective mass of Ξ− decreases, whereas, effective mass of Ξ0 increases. This is because of
dominance of decreasing m∗d in the case of Ξ
− and increasing m∗u in the case of Ξ
0 with the
rise of isospin asymmetry of the medium.
Now we will discuss the medium modification of the magnetic moments of octet baryons.
In figs. 5 and 6, we plot effective magnetic moments of octet baryons as a function of
density at temperatures T = 0 and 100 MeV and isospin asymmetry parameters I = 0, 0.3
and 0.5. To understand the explicit dependence of effective magnetic moments on density,
temperature of the medium and asymmetry parameter, we have presented the magnetic
moments of octet baryons in table II and table III. On comparing the values for ρB = 0
at T = 0 MeV and T = 100 MeV respectively, in table II and table III, we find that the
magnetic moments of baryons are almost same at T = 0 MeV and T = 100 MeV. However,
at ρB = ρ0, there is a noticeable change in the values of magnetic moments of baryons, with
the increase of temperature as well as with the increase of asymmetry parameter.
In table II one can observe that, at T = 0 MeV and for given density of the medium,
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ρB = 0 ρB = ρ0 ρB = 4ρ0
Exp. value [86] PresentWork I = 0 I = 0.3 I = 0.5 I = 0 I = 0.3 I = 0.5
µ∗p(µN ) 2.79 2.56 3.09 3.11 3.09 3.47 3.54 3.46
µ∗n(µN ) -1.91 −1.93 −2.24 −2.29 −2.31 −2.47 −2.55 −2.52
µ∗Σ+(µN ) 2.46 2.60 2.92 2.91 2.88 3.10 3.06 3.03
µ∗Σ−(µN ) -1.16 −1.26 −1.29 −1.32 −1.34 −1.30 −1.32 −1.31
µ∗Σ0(µN ) -1.61 −1.48 −1.73 −1.70 −1.71 −1.87 −1.72 −1.75
µ∗Ξ0(µN ) -1.25 −1.32 −1.46 −1.49 −1.47 −1.56 −1.62 −1.59
µ∗Ξ−(µN ) -0.65 −0.57 −0.57 −0.58 −0.59 −0.60 −0.62 −0.62
µ∗Λ(µN ) -0.61 −0.55 −0.64 −0.67 −0.67 −0.72 −0.79 −0.77
TABLE II: Effective magnetic moments of octet baryons at T = 0 MeV and ρB = 0, ρ0, 4ρ0,
corresponding to I = 0, 0.3 and 0.5.
the magnitude of effective magnetic moments increase with rise of asymmetry parameter
upto I = 0.3 with exception of µ∗Σ+ and µ
∗
Σ0 . This is because the system with larger
asymmetry (I = 0.3) becomes unbounded at low temperatures [13], leading to large increase
in magnitude of effective magnetic moment of baryons as compared to the case of symmetric
nuclear matter. The exceptional behavior of µ∗Σ+ and µ
∗
Σ0 is due to different behavior of their
spin and orbital angular momentum wave functions used to calculate effective magnetic
moments in the asymmetric matter as compared to behavior of wave functions of other
baryons. At ρB = ρ0, for increase in isospin asymmetry from I = 0.3 to I = 0.5 the
magnetic moments of p,Σ+ and Ξ0 show a decrease, whereas, the magnetic moments of
n,Σ−,Σ0, Λ and Ξ− show increase in magnitude, whereas, at ρB = 4ρ0, the magnitude of
magnetic moments of n,Σ−,Λ show opposite behavior. This is due to different behaviors
of their valence, sea and orbital angular momentum contributions at 4ρ0 as compared to
their behavior at ρ0. For instance, in case of neutron, at ρB = ρ0, the orbital angular
momentum contribution causes the increase in magnitude of its magnetic moment, whereas,
at 4ρ0 this contribution becomes so small that its increase do not come over the decreasing
magnitudes of valence and sea quark contributions leading to decrease in magnitude of
magnetic moment of neutron at 4ρ0. Further, at given finite density of the medium, the
effect of rise of asymmetry parameter on effective magnetic moments becomes very small
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at T = 100 MeV (as the effective magnetic moments remain almost same at I = 0.3 and
I = 0.5 especially at ρB = 4ρ0, as depicted by table III). This is due to the fact that the rise
of temperature makes the nuclear matter less sensitive to the effect of density and isospin
asymmetry of the medium [13].
In order to understand the effect of isospin asymmetry of the medium on sea quark
orbital angular momentum, in figs. 7 and 8 we have plotted µ∗orbital as a function of baryon
density for isospin asymmetry parameters I = 0, 0.3 and 0.5 and temperature T = 0. In
case of nucleons, the magnitude of µ∗orbital is observed to be more for isospin asymmetry
parameter I = 0.5 as compared to I = 0. For Ξ− and Ξ0 baryons, the magnitude of
µ∗orbital, for densities below 0.8ρ0, is observed to decrease as we move from symmetric to
asymmetric nuclear matter, whereas above this density the trend becomes opposite. In case
of Ξ0 and Ξ− baryons, µ∗orbital has almost same magnitude at a given density, temperature
and isospin asymmetry parameter. This is because of the fact that µ∗orbital is calculated
through the product of valence quark spin polarizations and corresponding orbital moments
of quarks composing respective baryon. The product of valence quark spin polarizations
and corresponding orbital moments of two s quarks dominate over light u and d quarks
in Ξ− and Ξ0 baryons. This leads to a similar variation of µ∗orbital(Ξ
0) and µ∗orbital(Ξ
−) as a
function of density of the medium. As can be seen from fig. 8, in case of Σ and Λ baryons, the
magnitude of µ∗orbital in isospin asymmetric matter is very different as compared to symmetric
nuclear matter. The main reason behind the observed behavior of µ∗orbital lies in the fact
that the symmetry breaking parameter ε has different values in symmetric and asymmetric
nuclear matter. This leads to different values of quark spin polarizations in case of different
octet baryon members and hence leads to different sea quark orbital angular momentum
contributions.
Our calculations show that at temperature T = 0 MeV, for the rise of density of nuclear
medium from ρB = 0 to saturation density, effective magnetic moment of proton increases
by 20% in case of symmetric as well as asymmetric nuclear matter, which is consistent
with cloudy bag model calculations showing the enhancement of proton magnetic moment
with the rise of nuclear matter density in the range of 2 − 20% [62]. On comparing with
our previous calculations for symmetric nuclear matter [40], the enhancement of magnetic
moment is less in the present work. This decrease is due to inclusion of pion loop effect in
the magnetic moment of baryons. At T = 0 MeV, for rise of density from ρB = 0 to ρ0, the
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ρB = 0 ρB = ρ0 ρB = 4ρ0
I = 0 I = 0 I = 0.3 I = 0.5 I = 0 I = 0.3 I = 0.5
µ∗p(µN ) 2.55 3.01 3.02 3.02 3.43 3.49 3.47
µ∗n(µN ) −1.93 −2.19 −2.22 −2.23 −2.45 −2.52 −2.52
µ∗Σ+(µN ) 2.60 2.88 2.87 2.86 3.08 3.05 3.04
µ∗Σ−(µN ) −1.26 −1.28 −1.30 −1.31 −1.23 −1.32 −1.32
µ∗Σ0(µN ) −1.43 −1.68 −1.67 −1.67 −1.85 −1.74 −1.74
µ∗Ξ0(µN ) −1.32 −1.44 −1.46 −1.46 −1.55 −1.61 −1.60
µ∗Ξ−(µN ) −0.53 −0.57 −0.58 −0.58 −0.60 −0.62 −0.62
µ∗Λ(µN ) −0.55 −0.63 −0.64 −0.65 −0.71 −0.77 −0.77
TABLE III: Effective magnetic moments of octet baryons at T = 100 MeV and ρB = 0, ρ0 and
4ρ0, for asymmetry parameters I = 0, 0.3 and 0.5.
percentage increase in the magnitude of effective magnetic moment of Σ, Ξ and Λ are 12%,
11%, 17%, respectively. This behavior is completely different from that in case of QMC
calculations, where the magnitude of µ∗Λ decreases by 0.7%. However, in case of modified
QMC calculations the magnitude of magnetic moment increases by 10% [62] which may be
due to the model dependence of effective quark masses.
At given finite density and asymmetry parameter, the magnitude of effective magnetic
moments of baryons decrease as a function of temperature. This is evident from compar-
ison of the values of effective magnetic moments at ρB = ρ0 and 4ρ0, as given in table II
and table III. For example, in symmetric nuclear matter at nuclear saturation density, the
magnitude of effective magnetic moment of nucleons decreases by 2.5% as the temperature
increases from zero to 100 MeV. In case of Σ± baryons, at ρB = ρ0, the magnitude of effec-
tive magnetic moment decreases by 1.5% as the temperature increases from T = 0 MeV to
T = 100 MeV. Further, in case of Ξ0 and Ξ− this decrease is only 1.6%. On the other hand,
at ρB = 4ρ0 and for given asymmetry parameter, the change in effective value of magnetic
moment of baryons is very small as a function of temperature as compared to the case of
ρB = ρ0. This can be understood as follows.
At ρB = 0, the effective quark mass remains almost same with the rise of temperature upto
certain value of temperature, because the thermal distribution functions alone effect the self
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energies of constituent quarks and hence decreasing the effective quark masses (increasing
the effective magnetic moment of baryons). However, with the rise of density, another
contribution starts coming from higher momentum states due to which the effective magnetic
moments decrease (as the effective masses of quarks increase) [83]. Thus, due to these two
contributions, i.e., thermal distribution function and higher momentum states, the behavior
of effective magnetic moment of baryons is reversed with the rise of temperature at finite
value of density of medium as compared to its behavior at zero baryonic density. Further, for
still high densities, i.e., 4ρ0 or more, the variation of effective magnetic moment of baryons
become insensitive to the variation in effective mass of constituent quarks. This can be
due to second order chiral phase transition at higher densities and temperatures. If one
considers the low density and higher temperature regime near the critical temperature, the
phase transition is of first order. However, in the higher baryonic density regime for densities
above 4ρ0 the phase transition becomes a second order chiral phase transition [101, 102]. The
effective masses of constituent quark appear to be very close to the chiral limit in this regime,
and hence, show very small variation as a function of density or temperature of medium.
This results in negligible variation in magnitude of magnetic moment with the variation of
constituent quark masses. This observation is further justified by those expected in Ref. [4],
where medium modified baryonic magnetic moments using modified quark meson coupling
model were calculated.
IV. SUMMARY
We have studied the masses and magnetic moments of octet baryons at finite density
and temperature in an asymmetric nuclear matter by using the chiral SU(3) quark mean
field approach. To obtain the vacuum values of magnetic moments of baryons comparable
to experimental data, we have calculated the magnetic moments of baryons which further
include the contribution from valence quarks, sea quarks and orbital angular momentum of
sea quarks.
With the introduction of isospin asymmetry in the nuclear medium, the effective masses
of u quark and d quark show a splitting which rises with the rise of isospin asymmetry of the
medium. This splitting of effective quark masses also leads to splitting of effective baryon
masses in isospin multiplets in the baryon octet. We find that the coupling between quarks
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and mesons plays an important role in understanding the behavior of strongly interacting
matter. The present approach is based on mean field approximation, in which we consider
constant coupling between quarks and mesons. It will be interesting to study the behavior of
dense matter beyond mean field approximation. It is argued in literature that in the presence
of magnetic field the coupling constants decrease with the strength of magnetic field (through
thermo-magnetic corrections to couplings at one loop level), leading to decrease in dynamical
(effective) mass of constituent quarks, especially at high temperatures. This can lead to
decrease in critical temperature and hence the phenomenon of inverse magnetic catalysis [5,
91–96]. The effective magnetic moments of baryons are found to increase with the increase of
isospin asymmetry of the medium upto I = 0.3 (with exceptions of µ∗Σ+ and µ
∗
Σ0) as compared
to corresponding values in symmetric medium. For further rise in isospin asymmetry from
I = 0.3 to I = 0.5, the magnetic moments of n,Σ−,Λ show different behaviors at ρ0
and 4ρ0. This is due to attractive potential provided by δ meson field which makes pure
neutron matter bounded like symmetric nuclear matter. Further, the increase of temperature
decreases the effect of isospin asymmetry on the masses as well as magnetic moments. This
is because of the reduced compressibility of nuclear matter at finite temperature as compared
to that at zero temperature. Furthermore, the variation of effective magnetic moments of
baryons as a function of temperature is negligible for nuclear matter density higher than 4ρ0
indicating second order phase transition at higher densities [82]. The present approach along
with Polyakov loop corrections (which becomes important near critical temperature) can be
used to study the phenomena like chiral restoration, deconfinement phase transition and
inverse magnetic catalysis [97–100]. It will be interesting to study the behavior of effective
magnetic moment of baryons obtained in the present work, in the presence of magnetized
neutron star matter as modification of baryon magnetic moment can lead to changes in
neutron star mass as well as radius [4].
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